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OUTLINE

Exact computation of 2D Spin Glasses Rome
Optimized Monte Carlo methods Rome
Exact enumeration of circuits in graphs Rome

Statistical properties of d-dimensional KPZ
surfaces Rome, Turin

Inference of Gene Regulatory Networks from
gene expression patterns Trieste, Turin




Optimized Monte Carlo methods

e Use of parallel tempering and replica cluster Monte Carlo
strategy for determining the low temperature properties
of finite dimensional Spin Glass models

e Critical behavior of 3D Edwards-Anderson model and
universality of the finite-size scaling functions

* Check of universality: Do critical exponents depend on the

distribution of the couplings? Site-diluted gaussian vs. bond-
diluted




Exact computation of 2D Spin Glasses

The critical behavior of the 2D Edwards-Anderson model

T=0 (optimal solutions) vs.T>0 (good solutions)

Replica Cluster Method
[heuristic]

2 different strategies Partition function solvers

matching problem
[exact]

Geometrical organization of low
temperature states




Circuit enumeration in graphs

* Exact enumeration: feasible on large graphs only for loops of
size ~ 3,4,5

* Message-Passing algorithms estimate the number of circuits
of any size (DIMES data)

* Try to build an efficient Monte Carlo method for loop
counting.

* Decimation strategy allows for singling out loops of a given
length
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Statistical properties of d-dimensional KPZ surfaces
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Strategy: | int == 32 or 64 surface points
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We can simulate lattice of size L=192*




Statistical Inference of Gene Regulatory Networks

M gene profiles

M expression profiles of N+ genes (24" ;Zx41) , @ € (1,--- , N)

Which genes regulate gene x0? —> Network Topology

How genes regulate x0? —> Combinatorial Control
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Realistic value (B-Cell in human) N=12000 M=350




In conclusion: what do we need?

* A fast numerical factory.VWe need to run many
samples (quenched averages), embarrassing
parallelism.

*Shell scripting is almost always widely used.

e|Limited I/O. Important memory usage.

*| oad balancing!?

*Job scheduling?

* What about the use of MPI (real parallelism)?




